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Bhattacharjee, A., Wang, X. (Univ. of Iowa) 
Collisionless tearing instability is widely be-
lieved to provide a mechanism for the onset of 
magnetic reconnection in the earth's magneto-
tail [1,2]. The recent theory of collisionless tear-
ing instabilities [2] predicts that there is no ion 
tearing modes, and that electron tearing mode 
can grow as a robust instability only if the Bn 
field (normal component) is locally very small 
or zero. These theoretical predictions have been 
tested in this study by a 2t-dimensional implicit 
particle-in-cell code (HJDEN) [3] which follows 
both electron and ion dynamics. 
The runs are initialized with the Harris equi-
librium with anti-parallel magnetic field, 
Bx(z) 
n(z) 
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where the current layer width is ). = l.Sclwpe· 
The simulation boundary condition is periodic 
in the x-direction and wall-bound in the z-
direction. The system size is Lx = 5 rv 10)., 
Lz = 4)., and ion gyroradius is Pi ~ 1.3).. 
For Bn = 0, Fig.1 shows the growth of the 
amplitude of the mode for which kx). ~ 0.63 
( < 1 ). Fig.2 gives a contour plot of the flux sur-
faces on the x - z plane. The mode grows and 
saturates quickly as expected for k). < 1. How-
ever, a linear growth rate is approximately one 
order of magnitude larger than the prediction of 
theory of Drake and Lee [1]. This discrepancy 
is attributed to the fact that the current layer 
in the simulation is rather "thin", whereas the 
theory assumes that the current sheet is thick 
such that ~ ~ )., where ~ is the size of recon-
nection region. 
The thin curretn layer allows us to obtain a 
better spatial resolution of the extremely nar-
row reconnection region that is typical of elec-
tron tearing mode. For our simulation, using 
the relation ~ = 6~l2k5, we get ~~). ~ 0.4, 
which indicates that the size of the reconnec-
tion region is nearly half of the entire current 
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layer. In turn, this requires a redefinition of 
the parameter ~~ = ~~(~), which, in this case 
should be calculated using the relation 
w( +~) - w( -~) 
w(~) 
(k~2 ) {cosh-2 (t./A)/[1 + 
tanh(~l).)lk).]- (k,\) 2 } 
(3) 
(4) 
For ~~). ~ 0.4, this yields ~~ ~ 0.12. Using 
[1], we have !sim rv 1.4!theo, which is a good 
agreement for the PIC simulation. 
Finally, the instability is seen to be strongly 
stabilized by addition of the small Bn compo-
nent. For a value of Bn = 0.1B0 , no instability 
is seen to grow out of the noise level. 
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Fig.1 Growth of an electron tearing mode in a 
sheared Harris equilibrium when Bn = 0. 
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= Fig.2 Flux surfaces on the x - z plane during 
time evolution of the mode in Fig.l. 
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